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FOREWORD

The National Toxicology Program (NTP) is made up of four charter agencies of the U.S. Department of
Health and Human Services (DHHS): the National Cancer Institute (NCI), National Institutes of
Health; the National Institute of Environmental Health Sciences (NIEHS), National Institutes of Health;
the National Center for Toxicological Research (NCTR), Food and Drug Administration; and the
National Institute for Occupational Safety and Health (NIOSH), Centers for Disease Control. In July
1981, the Carcinogenesis Bioassay Testing Program, NCI, was transferred to the NIEHS. The NTP
coordinates the relevant programs, staff, and resources from these Public Health Service agencies
relating to basic and applied research and to biological assay development and validation.

The NTP develops, evaluates, and disseminates scientific information about potentially toxic and
hazardous chemicals. This knowledge is used for protecting the health of the American people and for
the primary prevention of disease.

The studies described in this Technical Report were performed under the direction of the NIEHS and
were conducted in compliance with NTP laboratory health and safety requirements and must meet or
exceed all applicable federal, state, and local health and safety regulations. Animal care and use were in
accordance with the Public Health Service Policy on Humane Care and Use of Animals. The prechronic
and chronic studies were conducted in compliance with Food and Drug Administration (FDA) Good
Laboratory Practice Regulations, and all aspects of the chronic studies were subjected to retrospective
quality assurance audits before being presented for public review.

These studies are designed and conducted to characterize and evaluate the toxicologic potential,‘
including carcinogenic activity, of selected chemicals in laboratory animals (usually two species, rats and
mice). Chemicals selected for NTP toxicology and carcinogenesis studies are chosen primarily on the
bases of human exposure, level of production, and chemical structure. Selection per se is not an
indicator of a chemical’s carcinogenic potential.

These NTP Technical Reports are available for sale from the National Technical Information Service,
U.S. Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161 (703-487-4650). Single
copies of this Technical Report are available without charge while supplies last from the NTP Central
Data Management, NIEHS, P.O. Box 12233, MD A0-01, Research Triangle Park, NC 27709
(919-541-1371).
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4,4’ -DIAMINQ-2,2’ -STILBENEDISULFONIC ACID, DISODIUM SALT

CAS No. 7336-20-1

Chemical Formula: C;H,,N,0S,-2Na

Molecular Weight: 414.42

Symonnyms Amsonic acid; dlammosulbene disulphonate (DASD) 2,2’ (1 2-ethened|yl)b1s[S-ammo-benzenaulfomc acid]; 2,2’ -
disulfo-4,4’ -stilbenediamine; 2,2’ -stllbenedlsulfonlc acid; 4,4’ -dlammo-Z 2 -benzznmulfomc acid; 2,2’ -1 2-ethened|yl)bls(5-ammo-)
diaminostilbenedisulfonic acid; flavonic acid; p,p ' diaminostilbene-o,0 ' -disulfonic acid; 4,4 -diaminostilbene-2,2 -disulfonic acid

4,4’ .Diamino-2,2’ -stilbenedisulfonic acid, disodium
salt, is used in the synthesis of dyes and optical
brighteners or fluorescent whitening agents.
Toxicology and carcinogenesis studies were con-
ducted by administering the chemical (approximately
14% water, 6% sodium chloride, 4% impurities, and
76% 4,4'-diamino-2,2’-stilbenedisulfonic acid) in
feed to groups of F344/N rats and B6C3F, mice of
each sex for 14 days, 13 weeks, and 2 years. Genet-
ic toxicology studies were conducted in Salmonella
typhimurium and Chinese hamster ovary cells.

14-Day Studies: Groups of five rats and five mice of
each sex were given 0, 6,250, 12,500, 25,000, 50,000,
or 160,000 ppm 4,4'-diamino-2,2’-stilbenedisulfonic
acid, disodium salt, in feed for 14 days. All rats and
mice survived to the end of the studies. The mean
body weight gain of male rats receiving 50,000 or
100,600 ppm and of female rats and male and
female mice receiving 100,000 ppm was significantly
lower than those of the respective controls. Clinical
findings included diarrhea in the rats and mice
receiving 160,000 ppm. There were no chemical-
related changes in absolute or relative organ weights
in rats or mice. There were no gross or microscopic

lesions related to chemical administration in rats or
mice.

13-Week Studies: Groups of 10 rats and 10 mice of
each sex were given 0, 6,250, 12,500, 25,000, 50,000,
or 100,000 ppm 4,4’-diamino-2,2’ -stilbenedisulfonic
acid, disodium salt, in feed for 13 weeks. One
female rat, six male mice, and one female mouse in
the 100,600 ppm dose groups died during the
studies. Mean body weight gain was significantly
decreased in male rats and female mice receiving
50,680 or 100,000 ppm, in male mice receiving
25,000, 50,000, or 100,000 ppm, and in female rats
receiving 100,000 ppm. Clinical findings in rats that
received 50,000 or 100,000 ppm and in mice that
received 100,000 ppm included diarrhea, emaciation,
and hyperemia of the perineum. There were no
biologically significant changes in absolute or rela-
tive organ weights or clinical pathology results in
rats or mice. Histopathologic lesions present in rats
receiving 100,000 ppm were bone marrow hyper-
cellularity and chronic inflammation of the anus and
rectum. Ulcerative inflammation of the anus and
rectum was observed in mice receiving 25,000 ppm
and above. Female mice in the 6,250, 12,500,
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25,000, and 50,000 ppm dose groups had increased
incidences of cystxc endometnal hyperplasxa

2-Year Studies: Doses selected for the 2-year studies
were based on mortality, decreased body weight
gains, and the presence of diarrhea and chronic
inflammation of the anus/rectum in rats and mice
during the 13-week studies. Groups of 60 rats of
each sex were given 0, 12,500 or 25,000 ppm and
groups of 60 mice of each sex were given 0, 6,250,
or 12,500 ppm 4,4'-diamino-2,2’-stilbenedisulfonic
acid, disodium salt, in feed for up to 103 weeks.
Interim evaluations were performed on 10 rats and
10 mice from each dose group at 15 months. There
were no biologically significant absolute or relative
organ weight, clinical pathology, or histopathology
findings in rats or mice administered 4,4’-diamino-
2,2’ -stilbenedisulfonic acid, disodium salt, in feed for
15 months.

Body Weight, Feed Consumption, Survival, and
Clinical Findings in the 2-Year Studies: Mean body
weights were marginally decreased for high-dose
male and female rats and female mice. Feed
consumption by dosed rats and mice was similar to
feed consumption by the controls throughout the

studies. Survival was similar among control and .

treated groups of rats and mice. No clinical ﬁndmgs
related to chemical administration were observed in
rats or mice.

© Studies:

Nonneoplastic and Neoplastic Effects in the 2-Year
There were no chemical-related increased
incidences ‘of neoplasms at any site in rats. Ulcers
of the forestomach or glandular stomach occurred in
dosed rats (males: 1/50, 5/50, 4/50; females: 0/50,
1/50, 4/50), and may have been related to the admin-
istration of 4,4’ -diamino-2,2’ -stilbenedisulfonic acid,
disodium salt. There were no chemical-related
incidences of neoplasms, nonneoplastic lesions, or
other toxic effects in mice in the 2-year studies.
Although the animals might have been able to
tolerate slightly higher doses, results of the 13-week
studies indicate that a doubling of the highest doses
could not have been tolerated.

Genetic Toxicology:  4,4'-Diamino-2,2’-stilbene-
disulfonic acid was not mutagenic in Salmonella
typhimurium strains TA100, TA1535, TA1537, or
TA98 with or without S9 metabolic activation.
4,4’ -Diamino-2,2’ -stilbenedisulfonic acid did not
induce sister chromatid exchanges or chromosomal
aberrations in Chinese hamster ovary cells in the
presence or absence of S9.

Conclusions: Under the conditions of these 2-year
feed studies, there was no evidence of carcinogenic
activity* of 4,4’ -diamino-2,2’ -stilbenedisulfonic acid,
disodium salt, in male or female F344/N rats receiv-
ing 12,500 or 25,000 ppm. There was no ewdence of
carcinogenic activity of 4,4'-diamino-2,2 ! stilbene-
disulfonic acid, disodium salt, in male or female
B6C3F, mice receiving 6,250 or 12,500 ppm.

* Explanation of Levels of Evidence of Carcinogenic Activity is on page 8. A summary of the Technical Report Review
Subcommittee comments and public discussion on this Technical Report appears on page 10.
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Summary of the 2-Year Carcinogenicity and Genetic Toxicology Studies
of 4,4’ -Diamino-2,2’ -stilbenedisulfonic Acid, Disodium Salt

Male F344/N Rats Female F344/N Rats Male B6C3F, Mice Female B6C3F, Mice
Deses

0, 12,509, or 25,000 ppm 0, 12,509, or 25,000 ppm 0, 6,250, or 12,500 ppm 0, 6,250, or 12,500 ppm
in feed in feed in feed in feed

Bedy weights

High-dose group High-dose group Dosed groups similar to High-dose group
marginally lower than marginally lower than controls marginally lower than
controls controls . controls

2-Year survival rates )
22/50, 20/50, 24/50 30/50, 33/50, 33/50 43/50, 40/49, 42/50 43/50, 43/50, 38/49

Nonneoplastic effects
None None None None

Neoplastic effects
None None None None

Level of evidence of carcinogenic activity
No evidence No evidence No evidence No evidence

Genetic toxicology

Salmonella typhimurium gene mutation: Negative with and without S9 in strains TA160, TA1535, TA1537, and TA98
Sister chromatid exchanges
Chinese hamster ovary cells in vitro: Negative with and without S9

Chromosomal aberrations
Chinese hamster ovary cells in vitro: Negative with and without S9
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EXPLANATION OF LEVELS OF EVIDENCE OF CARCINOGENIC ACTIVITY

The National Toxicology Program describes the results of individual experiments on a chemical agent and notes the strength of the
evidence for conclusions regarding each study. Negative results, in which the study animals do not have a greater incidence of
neoplasia than control animals, do not necessarily mean that a chemical is not a carcinogen, inasmuch as the experiments are
conducted under a limited set of conditions. Positive results demonstrate that a chemical is carcinogenic for laboratory animals
under the conditions of the study and indicate that exposure to the chemical has the potential for hazard to humans. Other
organizations, such as the International Agency for Research on Cancer, assign a strength of evidence for conclusions based on an
examination of all avaijlable evidence, including animal studies such as those conducted by the NTP, epidemiologic studies, and
estimates of exposure. Thus, the actual determination of risk to humans from chemicals found to be carcinogenic in laboratory
animals requires a wider analysis that extends beyond the purview of these studies.

Five categories of evidence of carcinogenic activity are used in the Technical Report series to summarize the strength of the
evidence observed in each experiment: two categories for positive results (clear evidence and some evidence); one category for
uncertain findings (equivocal evidence); one category for no observable effects (no evidence); and one category for experiments that
cannot be evaluated because of major flaws (inadequate study). These categories of interpretative conclusions were first adopted in
June 1983 and then revised in March 1986 for use in the Technical Report series to incorporate more specifically the concept of
actual weight of evidence of carcinogenic activity. For each separate experiment (male rats, female rats, male mice, female mice),
one of the following five categories is selected to describe the findings. These categories refer to the strength of the experimental
evidence and not to potency or mechanism.

* Clear evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a dose-related -
(i) increase of malignant neoplasms, (ii) increase of a combination of malignant and benign neoplasms, or (iif) marked
increase of benign neoplasms if there is an indication from this or other studies of the ability of such tumors to
progress to malignancy.

¢ Some evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a chemical-
related increased incidence of neoplasms (malignant, benign, or combined) in which the strength of the response is
less than that required for clear evidence.

~ » Equivocal evidence of carcinogenic activity is demonstrated by studies that are mterpreted as showing a margmal
increase of neoplasms that may be chemical related.

¢ No evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing no chemical-related
increases in malignant or benign neoplasms.

* Inadequate study of carcinogenic activity is demonstrated by studies that, because of major qualitative or
quantitative limitations, cannot be interpreted as valid for showing either the presence or absence of carcinogenic
activity. :

When a conclusion statement for a particular experiment is selected, consideration must be given to key factors that would extend
the actual boundary of an individual category of evidence. Such consideration should allow for incorporation of scientific
experience and current understanding of long-term carcinogenesis studies in laboratory animals, especially for those evaluations that
may be on the borderline between two adjacent levels. These considerations should include:

¢ adequacy of the experimental design and conduct;

e occurrence of common versus uncommon neoplasia;

* progression (or lack thereof) from benign to malignant neoplasia as well as from preneoplastic to neoplastic
lesions;

¢ some benign neoplasms have the capacity to regress but others (of the same morphologlc type) progress. At
present, it is impossible to identify the difference. Therefore, where progression is known to be a possibility, the
most prudent course is to assume that benign neoplasms of those types have the potential to become malignant;

¢ combining benign and malignant tumor incidence known or thought to represent stages of progression in the same

organ or tissue; )

latency in tumor induction;

multiplicity in site-specific neoplasia;

metastases;

supporting information from proliferative lesions (hyperplasia) in the same site of neoplasxa or in other experiments

(same lesion in another sex or species);

presence or absence of dose relationships;

statistical significance of the observed tumor increase;

concurrent control tumor incidence as well as the historical control rate and variability for a specific neoplasm;

survival-adjusted analyses and false positive or false negative concerns;

structure-activity correlations; and

in some cases, genetic toxicology.
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NATIONAL TOXICOLOGY PROGRAM BOARD OF SC]IIEN']I‘]IIF]IC COUNSELORS
TECHNICAL REPORTS REVIEW SUBCOMMITTEE

The members of the Technical Report Review Subcommittee who evaluated the draft NTP Technical Report on 4,4'-diamino-2,2'-
stilbenedisulfonic acid, disodium salt, on July 9, 1991, are listed below. Subcommittee members serve as independent scientists, not
as representatives of any institution, company, or governmental agency. In this capacity, subcommittee members have five major

responsibilities in reviewing NTP studies:

o 0 0 0 O

Daniel S. Longnecker, M.D., Chair
Department of Pathology
Dartmouth Medical School
Hanover, NH

Paul T. Bailey, Ph.D.
Toxicology Division
Mobil Oil Corporation
Princeton, NJ

Louis S. Beliczky, M.S., M.P.H., Principal Reviewer

Department of Industrial Hygiene
United Rubber Workers International Union
Akron, OH

Gary P. Carlson, Ph.D.

Department of Pharmacology and Toxicology
Purdue University
West Lafayette, IN

Harold Davis, D.V.M., Ph.D.
School of Aerospace Medicine
Brooks Air Force Base, TX

Robert H. Garman, D.V.M.

Consultants in Veterinary Pathology
Murrysvilie, PA

*Did not attend

to ascertain that all relevant literature data have been adequately cited and interpreted,

to determine if the design and conditions of the NTP studies were appropriate,

to ensure that the Technical Report presents the experimental results and conclusions fully and clearly,
to judge the significance of the experimental results by scientific criteria, and

to assess the evaluation of the evidence of carcinogenic activity and other observed toxic responses.

Jay I. Goodman, Ph.D.
Department of Pharmacology and Toxicology
Michigan State University
East Lansing, MI

David W. Hayden, D.V.M,, Ph.D., Principal Reviewer
Department of Veterinary Pathobiology
College of Veterinary Medicine
University of Minnesota
St. Paul, MN

Curtis D. Klaassen, Ph.D.
Department of Pharmacology and Toxicology
University of Kansas Medical Center
Kansas City, KS

Barbara McKnight, Ph.D.
Department of Biostatistics
University of Washington
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Ellen K. Silbergeld, Ph.D.#

University of Maryland Medical School
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Lauren Zeise, Ph.D., Principal Reviewer

California Department of Health Servicess/RCHAS
Berkeley, CA
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SUMMARY OF TECHNICAL REPORTS REVIEW SUBCOMMITTEE COMMENTS

On July 9, 1991, the draft Technical Report on the
toxicology and  carcinogenesis  studies of
4,4’ -diamino-2,2’ -stilbenedisulfonic acid, disodium
salt, received public review by the National
Toxicology Program Board of Scientific Counselors’
Technical Reports Review Subcommittee.  The
review meeting was held at the National Institute of
Environmental Health Sciences, Research Triangle
Park, NC.

Dr. J.R. Hailey, NIEHS, introduced the toxicology
and carcinogenesis studies of 4,4'-diamino-2,2’-
stilbenedisulfonic acid, disodium salt (amsonic acid),
by discussing the uses of the chemical and the
rationale for study, describing the experimental
design, reporting on the survival and body weight
effects, and commenting on compound-related
nonneoplastic lesions in rats. The proposed con-
clusions were no evidence of carcinogenic activity of
4,4' -diamino-2,2’ -stilbenedisulfonic acid, disodium
salt, in male or female F344/N rats or in male or
female B6C3F,; mice.

Dr. Hayden, a principal reviewer, agreed with the
proposed conclusions. To emphasize the lack of
toxicity, especially in mice, he thought a statement
might be added to the conclusion indicating there
was no evidence of toxic or nonneoplastic activity
in male or female mice. Dr. Hailey said such a
statement would be added to the Abstract.

Dr. Zeise, the second principal reviewer, agreed in
principle with the proposed conclusions. She said
that it should be noted that male and female rats
may have been able to tolerate higher doses.
Dr. Hailey said he agreed that females could have
tolerated higher doses but considered the doses in
males to be adequate. Dr. Zeise commented that
the summary tables provided combined incidence
data for mammary tumors (adenomas, fibro-
adenomas, and adenocarcinomas) indicating signif-
icantly increased levels for female rats, and that this
finding should be addressed in the report.
Dr. Hailey said this combination would be elimi-
nated because the morphological continuum seen
with many neoplastic processes is not seen with
fibroadenomas.

Mr. Beliczky, the third principal reviewer, agreed
with the proposed conclusions. He thought it would
be of value for NIOSH to evaluate the facility that
manufactured the amsonic acid in view of sexual
dysfunction reported by workers and uterotrophic
effects observed during animal studies.

Dr. Hayden moved that the Technical Report on
4,4’ -diamino-2,2’ -stilbenedisulfonic acid, disodium
salt, be accepted with the revisions discussed and
with the conclusions as written for male and female
rats and mice, no evidence of carcinogenic activity.
Mr. Beliczky seconded the motion, which was
accepted unanimously with ten votes.
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4,4’ -DIAMINO-2,2" -STILBENEDISULFONIC ACID, DISODIUM SALT

CAS No. 7336-20-1

Chemical Formula: C;H;,N,0,S,-2Na

Molecular Weight: 414.42

Synonyms Amsonic acid; dlammosulbene disulphonate (DASD) 22’ (l,2-ethened1yl)bls[5-ammo-benzen&sulfomc acid]; 22'-
disulfo-4,4’ -stilbenediamine; 2,2' -stnlbenedxsulfomc acid; 4,4’ -dlammo-22 -benzenesulfomc acid; 2,2" (1 2—ethenedlyl)b|s(5-ammo-)
diaminostilbenedisulfonic acid; flavonic acid; p,p ' _diaminostilbene-o,0’ -disulfonic acid; 4,4’ -diaminostilbene-2,2 -disulfonic acid

(CHEMICAL AND PHYSICAL PROPERTHE&
PRODUCTION, AND USE

4,4’ -Diamino-2,2’ -stilbenedisulfonic acid, disodium
salt, is a yellow, microcrystalline powder. It is
soluble in alcohol and ether, poorly soluble in
water, and forms crystalline salts with many
bisquaternary ammonium bases. 4,4'-Diamino-2,2’-
stilbenedisulfonic acid, disodium salt, may be
prepared from boiling the sodium salt of
p-nitrotoluene-o-sulfonate in water with caustic soda
followed by a reduction with zinc dust (Condensed
Chemical Dictionary, 1977) or by catalytic reduction
of 4,4'-dinitro-2,2’ -stilbenedisulfonic acid.

The United States production of 4,4’-diamino-2,2'-
stilbenedisulfonic acid was 7,623,000 pounds in 1975
(USITC, 1975). It is used primarily in the synthesis
of dyes, such as Chrysophenine (Direct Yellow 12)
or the nonethylated dye Brilliant Yellow (Direct
Yellow 4), and in the synthesis of optical
brighteners or fluorescent whitening agents (FWAs).
In 1979, the National Institute for Occupational
Safety and Health (NIOSH) estimated that
15,000 tons of fluorescent whitening agents were
produced in the United States annually by

11 manufacturers.  Many of these fluorescent
whitening agents are synthesized from 4,4’ -diamino-
2,2'-stilbenedisulfonic acid and other materials.
Fluorescent whitening agents are added to paper,
leather, fabrics, plastics, and detergents to enhance
colors and whiteness. These whitening agents have
the  property of absorbing ultraviolet light and
reemitting  high levels of blue-green light
(Kirk-Othmer, 1983a,b).

HUMAN EXPOSURE

From a survey conducted from 1981 to 1983,
NIOSH estimated that 948 workers may be exposed
to the parent compound (4,4'-diamino-2,2’-
stilbenedisulfonic acid) and intermediates in pro-
duction facilities (NIOSH, 1991). However, there
appears to be little, if any, direct use of the parent
compound by consumers. Consumer exposure would
probably be to the dyes or fluorescent whitening
agents. Potential sources are clothing, especially
when moistened by perspiration; packaging mate-
rials; some foods, such as fish; and insufficiently
rinsed dishes. Daily human exposure to fluorescent
whitening agents in Scotland was estimated at
4 pg/kg, but dermal and alimentary uptake is
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probably very low (Kilbey, 1977). A review of the
results of medical surveys and studies on the safety
of the fluorescent whitening agents (especially those
derived from diaminostilbene disulfonate) in Japan
indicated very low potential toxicity to humans
(Yamauchi and Shimizu, 1973). The increasing use
of these agents, however, suggests that human
exposures may increase as well (Kilbey, 1977).

Workers at a chemical plant where 4,4’'-diamino-
2,2’ -stilbenedisulfonic acid, disodium salt, was
produced from p-nitrotoluene complained of sexual
dysfunctions. Hammond er al (1987) concluded that
the workers were exposed to low, airborne concen-
trations of 4,4’ -diamino-2,2’ -stilbenedisulfonic acid,
disodium salt; 4,4'-dinitrostilbene-2,2’-disulfonic
acid, disodium salt (DNS); and p-nitrotoluene
sulfonic acid, sodium salt (PNTSA). Airborne
concentrations were under 100 ug/m’ in all cases;
4,4’ -diamino-2,2’ -stilbenedisulfonic acid, disodium
salt, concentrations were the lowest. These ionic
salts have negligible vapor pressure, and therefore
airborne exposure would only be in the form of
aerosols. 4,4'-Diamino-2,2’-stilbenedisulfonic acid,
disodium salt, and DNS are related structurally to
" the synthetic hormone diethylstilbestrol (DES)
(Hammond et al, 1987), and in some studies
4,4’ -diamino-2,2’ -stilbenedisulfonic acid, disodium
salt, has been shown to have estrogenic activity
(Smith and Quinn, 1992).

METABOLISM AND CHEMICAL
DISPOSITION

Studies were conducted by NTP (unpublished, 1986)
to determine the disposition of [*C] 4,4'-diamino-
2,2’ -stilbenedisulfonic acid in rats after intravenous
administration and after ad libitum administration in
feed. Radiochemical purity of [“C] 4,4’-diamino-
2,2’ -stilbenedisulfonic acid was 97.5% in the
undiluted intravenous dosing solution and was
92.7% in the feed. Urinary excretion accounted for
96% to 97% of the dose at 24, 48, and 72 hours
after intravenous dosing. Among organs evaluated
in the intravenous study, alimentary tract tissue
contained the highest concentration
(14.7 £ 7.1 nCi/g) of chemical after 24 hours, and
the kidneys contained the highest concentration of
4,4’ -diamino-2,2' -stilbenedisulfonic acid (8.78 =%
0.97 nCi/g) after 72 hours. Seventy-two hours after

the diet containing [“C] 4,4'-diamino-2,2’-
stilbenedisulfonic acid was removed, recovery of the
radiolabel in the feces was 80% to 92%; recovery of
the radiolabel in urine was minimal (less than 6%).
Muscle tissue contained the greatest total amounts
of radioactivity (0.55% to 0.77%) at 72 hours, while
other tissues had only trace amounts.

TOXICITY

The oral LD;, for the guinea pig is 47 g/kg. Other
effects noted in guinea pigs were impaired liver
function and depressed renal function (RTECS,
1990). In one study, two of six weanling female CD
Sprague-Dawley rats administered intraperitoneal
doses of 3,000 mg/kg 4,4’-diamino-2,2'-
stilbenedisulfonic acid died within 24 hours; oral
administration of 3,000 mg/kg was not toxic (Smith
and Quinn, 1992).

CARCINOGENICITY

In an investigation of the anti-tumor activities of
stilbene derivatives used as brighteners, 4,4’-bis-
(4-anilino-6-p-sulfonanilino-1,3,5-triazinyl-2-amino)-
stilbene 2,2’'-disulfonate showed a marked tumor-
inhibiting activity on solid forms of Ehrlich
carcinoma, sarcoma 180, and carcinoma 63. Stilbene
derivatives showed no effect on Ehrlich ascites
carcinoma (Saito, 1970).

GENETIC TOXICITY

The two arylamine groupings in the structure of
4,4’ -diamino-2,2’ -stilbenedisulfonic acid classify the
compound as one with potential for genotoxic
activity (Ashby et al, 1989).  However, the
mutagenicity test data for 4,4'-diamino-2,2’'-
stilbenedisulfonic acid, although limited, are all
negative. The compound (maximum concentration
5 mg/plate) showed no mutagenic activity in
Salmonella typhimurium strains TA100, TA1535,
TA1537, or TA98, with or without S9 (Table El;
Zeiger et al, 1987), and it did not induce sister
chromatid exchanges or chromosomal aberrations in
Chinese hamster ovary cells, with or without S9
(Tables E2 and E3; Loveday er al, 1990). There are
no genotoxicity data on metabolites of 4,4’ -diamino-
2,2’ -stilbenedisulfonic acid.
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STUDY RATIONALE

4,4’ -Diamino-2,2’ -stilbenedisulfonic acid, disodium
salt, was selected for study by the Consumer Product
Safety Commission because of its high production
volume and its use in the synthesis of dyes and
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bleaching agents widely used in the paper, leather,
and textile industries. Also, no toxicologic or
carcinogenesis information was available for
4,4'-diamino-2,2' -stilbenedisulfonic acid, disodium
salt, which is structurally similar to other azo dyes
that demonstrate toxicologic or carcinogenic potential.
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MATERIALS AND MIETHODS

PROCUREMENT AND
CHARACTERIZATION
4,4’ -Diamino-2,2’ -stilbenedisulfonic acid, disodium
salt, was obtained from Ciba-Geigy Corporation in
one lot (SW-81605), which was used throughout the
studies. Identity, purity, and stability analyses were
conducted by the analytical chemistry laboratory,
Midwest Research Institute (Kansas City, MO), and
are discussed in Appendix H. The study chemical,
a yellow, microcrystalline powder, was identified as
4,4’ -diamino-2,2' -stilbenedisulfonic acid, disodium
salt, by infrared, ultraviolet/visible, and nuclear
magnetic resonance spectroscopy.

The lot was approximately 76% pure, as determined
by weight loss on drying, thin-layer chromatography,
high-performance liquid chromatography, and
elemental analysis. Weight loss on drying indicated
the presence of approximately 14% water in the
bulk chemical; elemental analysis indicated the
presence of approximately 6% sodium chloride. Up
to three organic impurities, constituting a total
impurity level of approximately 4%, were observed
by high-performance liquid chromatography. Using
high-performance liquid chromatographic separation
and direct inlet mass spectrometric analysis, one of
the three organic impurities was tentatively identi-
fied as 4,4'-ethylene-dianiline-2-sulfonic acid.
Stability studies performed by high-performance
liquid chromatography indicated that 4,4’-diamino-
2,2’ -stilbenedisulfonic acid, disodium salt, was stable
as a bulk chemical for 2 weeks at temperatures up
to 60° C when protected from light. Based on the
stability study results, the bulk chemical was stored
in the dark at room temperature at the testing
laboratory throughout the study period. The stabil-
ity of the bulk chemical was monitored periodically
by high-performance liquid chromatography and
ultraviolet spectroscopy during all phases of the
studies. No change in the study material was
detected.

PREPARATION AND ANALYSIS OF
DOSE FORMULATIONS

The dose formulations were prepared by mixing
4,4’ -diamino-2,2’ -stilbenedisulfonic acid, disodium
salt, with feed (Table H1). Homogeneity and
stability studies were conducted by the analytical
chemistry laboratory using ultraviolet spectroscopy
and high-performance liquid chromatography,
respectively. The homogeneity of the dose formula-
tions was confirmed, and the stability of dose formu-
lations stored for at least 14 days in the dark at
temperatures to 5° C was established. The study
laboratory conducted additional stability studies and
confirmed the stability of the dose formulations for
up to 3 weeks when stored at room temperature.
During the 14-day and 13-week studies, the dose
formulations were refrigerated in the dark for no
longer than 2 weeks. During the 2-year studies, the
dose formulations were initially stored in plastic
bags protected from light at 1° C for no longer than
2 weeks; 8 months after study initiation the dose
formulations were stored at 22° C,

The study laboratory conducted periodic analyses of
the 4,4'-diamino-2,2'-stilbenedisulfonic acid,
disodium salt, dose formulations using ultraviolet
spectroscopy as described in Appendix H. The dose
formulations for the 14-day studies were analyzed
once and all were within 10% of the target concen-
trations (Table H2). During the 13-week studies,
the dose formulations were analyzed twice and all of
the dose formulations for rats and mice were within
10% of the target concentrations (Table H3).
During the 2-year studies, the dose formulations
were analyzed at approximately 8-week intervals and
96% (27/28) of the dose formulations for rats and
all of the dose formulations for mice were within
10% of the target concentrations (Table H4).
Results of periodic referee analyses of the dose
formulations performed by the analytical chemistry
laboratory were in agreement with the results from
the study laboratory (Table HS).
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14-DAY STUDIES

Male and female F344/N rats and B6C3F, mice were
obtained from Charles River Breeding Laboratories
(Portage, MI) and observed for 15 days (rats) or
16 days (mice) before the studies began. Rats were
6 to 7 weeks old and mice were 7 to 8 weeks old at
study initiation. Groups of five rats and five mice
of each sex received feed containing 0, 6,250, 12,500,
25,000, 50,000, or 100,000 ppm 4,4’-diathino-2,2’-

stilbenedisulfonic acid, disodium salt, (Table 1). All
groups received dosed feed for 14 days, followed by
a 1-day observation period. Animals were housed
five per cage; water and feed were available
ad libitum. Clinical observations were conducted
twice daily and recorded daily. Animals were
weighed at the start of the study, on day 8, and
day 16. Feed consumption was determined weekly.
Complete necropsies were performed on all animals.
The brain, heart, right kidney, liver, lungs, and
thymus of survivors were weighed at necropsy. All
animals in the 0 and 100,000 ppm dose groups
received complete histopathologic examinations.

Histopathology of the liver was performed on mice

that received 6,250, 12,500, 25,000 or 50,000 ppm A

Further details are presented in Table 1.

13-WEEK STUDIES _

The 13-week. studies were conducted to determine
the cumulative toxic effects of repeated exposure to
4,4’ -diamino-2,2’ -stilbenedisulfonic acid, disodium
salt, and to determine appropriate chemical concen-
trations to be used in the 2-year studies. The
experimental .design of the 13-week studies -is
summarized in Table 1.

Male and female F344/N rats and B6C3F1 mice were
obtained from Charles River Breeding Laboratories
and were observed for 13 to 15 days before the
studies began. Rats were 6 to 7 weeks old and mice
were 7 to 8 weeks old at the beginning of the
studies. Groups of 10 rats or 10 mice of each sex
were given 0, 6,250, 12,500, 25,000, 50,000, or
100,000 ppm 4,4'-diamino-2,2’-stilbenedisulfonic

acid, disodium salt, in feed for 13 weeks. Animals.

were housed five per cage; water and feed were
available ad libitum. Animals were observed twice
each day and clinical observations were recorded
weekly. The health of the animals was monitored
during the studies ‘according to the protocols of .the

NTP Sentinel Animal Program (Appendix K).
Animals were weighed at the start of the study and
weekly thereafter. Feed consumption was measured
weekly. Further experimental details are presented
in Table 1.

At the end of the 13-week studies, bIood was
collected from the orbital sinus plexus of all surviv-
ing animals for clinical pathology analyses. The
animals were then killed and necropsies were
performed on all study animals. The brain, heart,
right kidney, liver, lungs, right testis, and thymus of
survivors were weighed at necropsy. All animals
that-died or were killed prior to the end of the
studies, all' control animals, and all animals. that
received 100,000 ppm received complete histo-
pathologic examinations. Liver sections from the 0,
25,000, and 100,000 ppm rat groups and all mice
groups were stained with Oil Red O and periodic
acid-Schiff (with and without diastase). The rectum/
anus from all rat dose groups was examined micro-
scopically. Tissues examineéd for mice in the 6,250,
12,500, 25,000, and 50,000 ppm dose groups were
the anus, ovary, rectum, uterus, and liver (Oil
Red O and periodic acid-Schiff stains were used on
the liver). Additional information about histologic
examination is provided in Table 1.

2-YEAR STUDIES

Study Design

Groups of 60 rats and 60 mice of each sex were
administered _ 4,4’-diamino-2,2’ -stilbenedisulfonic
acid, disodium salt, in feed for 7 days a week for up
to 103 weeks. Rats received doses of 0, 12,500, or
25,000 ppm and mice received doses of 0, 6,250, or
12,500 ppm. After 15 months of chemical adminis-
tration, 10 rats and 10 mice of each sex were.
randomly selected from each group for interim.
evaluations. '

Source and Specification of Animals

Male and female F344/N rats and B6C3F,; mice were
obtained from Frederick Cancer Research Facility
(Frederick, MD) for use in the 2-year studies. -Rats
were quarantined 16 days. and mice were
quarantined 13 days. . Five rats and five mice per sex
were randomly selected and killed for parasite
evaluation and gross observation of . disease.
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Serology samples were collected for viral screens.
Rats and mice were approximately 6 weeks old at
the beginning of the studies. The health of the
animals was monitored during the studies according
to the protocols of the NTP Sentinel Animal
Program.

Animal Maimtenance

Rats and mice were initially housed five per cage.
Beginning in week 39, male mice were housed
individually.
ad libitum. Cages were rotated weekly. Further
details of animal maintenance are given in Table 1.
Information on feed composmon is prowded in
Appendix J.

Clinical Examinations and Pathology

All animals were observed twice daily and clinical
findings were recorded weekly for 13 weeks, then
monthly or as necessary. Animals were weighed at
study initiation, weekly for 13 weeks, monthly
through week 90, and every 2 weeks thereafter.
Feed consumption was measured once a month

(Appendix I).

Ten rats and 10 mice from each group were
randomly selected and killed for interim evaluations
after 15 months of 4,4'-diamino-2,2’-stilbenedi-
sulfonic acid, disodium salt, administration. Blood
was drawn from the orbital sinus plexus of rats and
mice to determine the following hematology and
clinical chemistry parameters: hemoglobin, hemato-
crit, erythrocyte count, mean cell volume, mean cell
hemoglobin, mean cell hemoglobin concentration,
total leukocyte count, leukocyte differential count,
blood urea nitrogen, alkaline phosphatase, alanine
aminotransferase, aspartate aminotransferase, and
sorbitol dehydrogenase. The brain, liver, and right
kidney of each animal were weighed at necropsy.
Further details of the interim evaluations are
presented in Table 1.

Animals found in a moribund state, selected for the
15-month interim evaluvations, or surviving to the
end of the 2-year studies were killed. Necropsies
were performed on all animals. At necropsy, all
organs and tissues were examined for gross lesions,
and all major tissues were fixed and preserved in
10% neutral buffered formalin, processed and

Feed and water were available
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trimmed, embedded in parafﬁn sectioned, and
stained with hematoxylin and eosin for microscopic
examination. Histopathologic examinations were
performed on all 15-month interim evaluation
animals, all tissues with grossly visible lesions, all
animals that died or were killed moribund prior to
21 months, and all control and high-dose animals
killed at study termination. Tissues examined from
all low-dose animals that died or were Kkilled
moribund after 21 months on study or were killed
at the end of the studies are listed in Table 1.

Upon completion of the microscopic evaluation by

_ the laboratory study pathologist, the pathology data

were entered into the Toxicology Data Management
System. The microscope slides, paraffin blocks, and

~ residual wet tissues were sent to the NTP Archives

for inventory, slide/lock maich, and wet-tissue
audit. The slides, individual animal data records,
and pathology tables were sent to an independent
pathology quality assessment laboratory.  The
individual animal records and pathology tables were
compared for accuracy, slide and tissue counts were
verified, and histotechnique was evaluated by the
quality assessment laboratory. The adrenal gland
and mammary gland of male and female rats, the
pancreas and liver of male rats, the kidney of female
rats, the lung of male and female mice, and the liver
of male mice were evaluated microscopically by the
quality assessment pathologist for both neoplastic
and nonneoplastic lesions. All neoplastic diagnoses
in all tissues in all rats and mice and all tissues
from a randomly selected 10% of the control and
high-dose rats and mice were reevaluated micro-
scopically by a quality assessment pathologist.

The quality assessment report and slides were
submitted to the NTP Pathology Working Group
(PWG) chair, who reviewed the selected tissues and
any other tissues for which there was a disagreement
in diagnosis between the laboratory and quality
assessment pathologists.  Representative histo-
pathology slides containing éxamples of lesions
related to chemical administration, examples of
disagreements in diagnosis between the laboratory
and quality assessment pathologists, or lesions of
general interest were presented by the chair to the
PWG for review. The PWG consisted of the quality
assessment pathologist and other pathologists
experienced in rodent toxicologic pathology. This
group examined the tissues without knowledge of
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dose groups or previously rendered diagnoses.
When the consensus opinion of the PWG differed
from that of the laboratory pathologist, the diag-
nosis was changed. Thus, the final diagnoses
represent a consensus of contractor pathologists and
the PWG. Details of these review procedures have
been described by Maronpot and Boorman (1982)
and Boorman et al. (1985). For subsequent analysis
of pathology data, the diagnosed lesions for each
tissue type are evaluated separately or combined
according to the guidelines of McConnell et al
(1986).

Statistical Methods

Survival Analyses

The probability of survival was estimated by the
product-limit procedure of Kaplan and Meier (1958)
and is presented in the form of graphs. Animals
were censored from the survival analyses at the time
they were found dead of other than natural causes
or were found to be missing; animals dying from
natural causes were not censored.  Statistical
analyses for a possible dose-related effect on survival
used the method of Cox (1972) for testing two
groups for equality and Tarone’s (1975) life table
test to identify dose-related trends. All reported
P values for the survival analyses are two sided.

Calculation of Incidence

The incidence of neoplastic or nonneoplastic lesions
is given as the ratio of the number of animals
bearing such lesions at a specific anatomic site to
the number of animals in which that site was
examined. In most instances, the denominators
- include only those animals for which the site was
examined histologically. However, when macro-
scopic examination was required to detect lesions
(e.g., skin or mammary tumors) prior to histologic
sampling, or when lesions had multiple potential
sites of occurrence (e.g., mononuclear cell leukemia),
the denominators consist of the number of animals
on which a necropsy was performed.

Analysis of Tumor Incidence

The majority of tumors in these studies were con-
sidered to be incidental to the cause of death or not

rapidly lethal. Thus, the primary statistical method
used was a logistic regression analysis, which
assumed that the diagnosed tumors were discovered
as the result of death from an unrelated cause and
thus did not affect the risk of death. In this
approach, tumor prevalence was modeled as a
logistic function of chemical exposure and time.
Both linear and quadratic terms in time were
incorporated initially, and the quadratic term was
eliminated if it did not significantly enhance the fit
of the model. The dosed and control groups were
compared on the basis of the likelihood score test
for the regression coefficient of dose. This method
of adjusting for intercurrent mortality is the
prevalence analysis of Dinse and Lagakos (1983),
further described and illustrated by Dinse and
Haseman (1986).

In addition to logistic regression, alternative
methods of statistical analysis were used, and the
results of these tests are summarized in the
appendixes. These include the life table test (Cox,
1972; Tarone, 1975), appropriate for rapidly lethal
tumors, and the Fisher exact test and the Cochran-
Armitage trend test (Armitage, 1971, Gart et al,
1979), procedures based on the overall proportion
of tumor-bearing animals.

Tests of significance included pairwise comparisons
of each dosed group with controls and a test for an
overall dose-response trend. Continuity-corrected
tests were used in the analysis of tumor incidence,
and reported P values are one sided. The proce-
dures described above also were used to evaluate
selected nonneoplastic lesions. For further discus-
sion of these statistical methods, see Haseman, 1984.

Historical Control Data

Although the concurrent control group is always the
first and most appropriate control group used for
evaluation, there are certain instances in which
historical control data can be helpful in the overall
assessment of tumor incidence. Consequently,
control tumor incidences from the NTP historical
control database (Haseman et al, 1984, 1985) are
included in the NTP reports for tumors appearing
to show compound-related effects.
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Analysis of Continuous Variables

Two approaches were employed to assess the signifi-
cance of pairwise comparisons between dosed and
control groups in the analysis of continuous
variables. Organ and body weight data, which have
approximately normal distributions, were analyzed
using the multiple comparison procedures of
Williams (1971, 1972) and Dunnett (1955). Clinical
chemistry and hematology data, which have typically
skewed distributions, were analyzed using the
multiple comparison methods of Shirley (1977) and
Dunn (1964). Jonckheere’s test (Jonckheere, 1954)
was used to assess the significance of dose-response
trends and to determine whether a trend-sensitive
test (Williams’ or Shirley’s test) was more appro-
priate for pairwise comparisons than a test that does
not assume a monotonic dose-response (Dunnett’s
or Dunn’s test).

QUALITY ASSURANCE METHODS

The 13-week and 2-year studies were conducted in
compliance with FDA Good Laboratory Practice
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Regulations (21 CFR, Part 58). In addition, as
study records were submitted to the NTP Archives,
they were audited retrospectively by an independent
quality assurance contractor. Separate audits cover-
ing completeness and accuracy of the pathology
data, pathology specimens, final pathology tables,
and preliminary review draft of the NTP Technical
Report were conducted. Audit procedures and
findings are presented in the reports, which are on
file at the NIEHS. The audit findings were
reviewed and assessed by NTP staff so that all had
been resolved or were otherwise addressed during
the preparation of this Technical Report.

GENETIC TOXICITY

The genetic toxicity of 4,4'-diamino-2,2’-
stilbenedisulfonic acid was assessed by testing the
ability of the chemical to induce mutations in
various strains of Salmonella typhimurium and sister
chromatid exchanges and chromosomal aberrations
in Chinese hamster ovary cells. The protocols for
these studies and tabular presentations of the
findings are in Appendix E.
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TABLE 1

Experimental Design and Materials- and Methods in the Feed Studies

4,4' -Diamino-2,2’ -stilbenedisulfonic Acid, Disodium Salt, NTP TR 412

of 4,4’-Diamino-2,2°-stilbenedisulfonic Acid, Disodium Salt .

14-Day Studies

13-Week Studies

2-Year Studies

Study Laboratory
International Research and
Development Corporation
(Mattawan, MI)

Strain and Species
Rats: F344/N
Mice: B6C3F,

Animal Source
Charles River Breeding Laboratories
(Portage, MI)

Size of Study Groups
5 males and S females

Doses
0, 6,250, 12,500, 25,000, 50,000, or
100,000 ppm 4,4’ -diamino-2,2" -

stilbenedisulfonic acid, disodium salt, in

feed

Time Held Before Study
Rats: 15 days
Mice: 16 days

Average Age When Placed on Sthdy

Rats: 44-51 days
Mice: 52-59 days

Date of First Dose
Rats: 3 June 1981
Mice: 11 June 1981

Duration of Dosing
14 days

Necropsy Dates
Rats: 19 June 1981
Mice: 27 June 1981

Average Age at Necropsy
Rats: 8-9 weeks
Mice: 9-10 weeks

International Research and
Development Corporation
(Mattawan, MI)

Rats: F344/N
Mice: B6C3F,

Charles River Breeding Laboratories
(Portage, MI) .

10 males and 10 females

Same as 14-day studies

Rats: 13-14 days
Mice: 15 days

Rats: 42-49 days
Mice: 50-58 days

Rats: 21-22 September 1981
Mice: 23 September 1981

13 weeks (7 days/week)
Rats: 22-23 December 1981

Mice: 24 December 1981

Rats: 19-20 weeks
Mice: 20-21 weeks

International Research and |
Development Corporation
(Mattawan, MI)

Rats: F344/N"
Mice: B6C3F,

Frederick Cancer Research Facility
(Frederick, MD)

60 males and 60 females

Rats: 0, 12,500, or 25,000 ppm 4,4’ -
diamino-2,2 ! _stilbenedisulfonic
acid, disodium salt, in feed

Mice: 0, 6,250, or 12,500 ppm 4,4’ -
diamino-2,2’ -stilbenedisulfonic
acid, disodium salt, in feed

Rats: 16 days
Mice: 13 days

Rats: 45 days
Mice: 42 days

Rats: 25 February 1983
Mice: 15 February 1983

103 weeks (7 days/week)

15-month interim — Rats: 25 May 1984;
Mice: 15 May 1984

2-year studies — Rats: 22-27 February
1985; Mice: 12-15 February 1985

Rats: 110-111 weeks
Mice: 111 weeks
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TABLE 1

Experimentsl Design and Materials and Methoeds in the Feed Studies
of 4,4°-Diamino-2,2°-stilbenedisulfonic Acid, Disodium Salt (continued)
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14-Day Studies

13-Week Studies

2-Year Studies

Animals per Cage
5

Methed of Animal Distribution
Animals assigned random numbers,
grouped into blocks by body weight, and
each block assigned to groups by
random numbers.

Method of Animal Identification
Rats: Ear tag
Mice: Toe clip

Diet

NIH-07 Rat and Mouse Ration, Open
formula, mash (Zeigler Bros., Inc.,
Gardners, PA); available ad libitum

Water

IRDC well water via automatic watering
system (Edstrom Industries, Inc,,
Waterford, WI); available ad libitum

Cages

Polycarbonate cages with Edstrom
grommets (Hazelton System Inc.,
Aberdeen, MD)

Bedding

BetaChips® hardwood laboratory
bedding (Northeastern Products Corp.,
Warrensburg, NY); changed twice
weekly

Cage Filters
Reemay spun-bonded polyester filters
(Snow Filtration, Cincinnati, OH)

Animal Room Environment

Rats: Average temperature - 75° F;
Average humidity - 55.7%

Mice: Average temperature -75.6° F;
Average humidity - 57.9%

Fluorescent light: 12 hours/day

Room air changes: 6-12 changes/hour

Same as 14-day studies

Same as 14-day studies

Same as 14-day studies

Same as 14-day studies

Same as 14-day studies

Same as 14-day studies

Same as 14-day studies

Rats: Average temperature - 70.4° F;
Average humidity - 43%

Mice: Average temperature - 70.6° F;
Average humidity - 43.1%

Fluorescent light: 12 hours/day

Room air changes: 6-12 changes/hour

5 (male mice housed individually
beginning 8 November 1983)

Same as 14-day studies

Same as 14-day studies

Same as 14-day studies

Village of Mattawan or IRDC well
water via outside-the-cage automatic
watering system (Edstrom Industries,
Inc., Waterford, WI); available

ad libitum

Same as 14-day studies

Same as 14-day studies

Same as 14-day studies

. Average temperature: 74° x 2.5°F

Average humidity: 50% + 15.2%
Fluorescent light: 12 hours/day
Room air changes: 6-12 changes/hour
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TABLE 1

Experimental Design and Materials and Methods in the Feed Studies

4,4’ -Diamino-2,2’ -stilbenedisulfonic Acid, Disodium Salt, NTP TR 412

of 4,4’ -Diamino-2,2’-stilbenedisulfonic Acid, Disodium Salt (continued)

14-Day Studies

13-Week Studies

2-Year Studies

Type and Frequency of Observation
Observed twice/day; weighed initially
and once/week; clinical observations
recorded daily; feed consumption
once/week by cage

Necropsy

Necropsy performed on all animals. The
following organs were weighed: brain,
heart, right kidney, liver, lungs, and
thymus.

Histopathology

Complete histopathology performed on
all control and 100,000 ppm animals.
Tissues examined included: adrenal
gland, bone and marrow (sternum),
brain, clitoral or preputial gland (rats),
colon, esophagus, gallbladder (mice),
heart, jejunum, kidney, liver, lung,
mammary gland, mandibular lymph node
(rats), mesenteric lymph node, nasal
cavity, ovary, pancreas, parathyroid
gland, pituitary gland, prostate gland,
salivary gland, spleen, stomach, testis,
thymus, thyroid gland, trachea, urinary
bladder, and uterus. Livers were
examined from mice in the 6,250,
12,500, 25,000 and 50,000 ppm dose
groups.

Observed twice/day; weighed initially
and once/week; clinical observations
recorded once/week; feed consumption
once/week by cage

Necropsy performed on all animals.
Organs weighed for all animals surviving
to study termination: brain, heart, right
kidney, liver, lungs, right testis, and
thymus.

Complete histopathology on all animals
that died or were killed moribund
during the study, all controls, and all
100,000 ppm rats and mice. Tissues
examined included: adrenal gland, anus
(mice), bone and marrow (sternum),
brain, cecum, clitoral or preputial gland
(rats), colon, duodenum, esophagus,
gallbladder (mice), heart, ileum,
jejunum, Kidney, liver, lung, mammary
gland, mesenteric lymph node, nasal
cavity, ovary, pancreas, parathyroid
gland, pituitary gland, prostate gland,
rectum, salivary gland, spleen, stomach,
testis, thymus, thyroid gland, trachea,
urinary bladder, and uterus. In
addition, the anus/rectum was examined
from rats in the 6,250, 12,500, 25,000,
and 50,000 ppm groups; tissues
examined from mice in the 6,250,
12,500, 25,000, and 50,000 ppm groups
were anus, ovary, rectum, and uterus.
Oil Red O and periodic acid-Schiff
stains were used on liver tissues from
rats in the control, 25,000, and

100,000 ppm groups and from all mice
groups.

Observed twice/day; weighed initially,
once/week for 13 weeks, once/month
through week 90, every 2 weeks
thereafter; clinical observations recorded
once/week for 13 weeks, once/month
thereafter; feed consumption measured
once/month

Necropsy performed on all animals.
Organs weighed for all animals at
15-month interim evaluations: brain,
right kidney, and liver.

Complete histopathology performed on
all animals killed at the 15-month
interim evaluations, all animals that died
or were killed moribund prior to

21 months on study, and control or
high-dose animals killed at study
termination. Tissues examined: adrenal
gland, bone (costochondral junction),
bone marrow (femur), brain, clitoral or
preputial gland (rats), esophagus,
gallbladder (mice), heart, kidney, large
intestine, liver, lung, mammary gland,
mesenteric lymph nodes, nasal cavity,
ovary, pancreas, parathyroid gland,
pituitary gland, prostate gland, salivary
gland, seminal vesicle, skin, smalt
intestine, spleen, stomach, testis (with
epididymis), thymus, thyroid gland,
trachea, urinary bladder, and uterus.
Tissues examined from low-dose rats
that died or were killed moribund after
21 months or at study termination were
gross lesions, adrenal gland, liver
(males), kidney (females), mammary
gland (females), pituitary gland (males),
and spleen (males). Tissues examined
from low-dose mice that died or were
killed moribund after 21 months or at
study termination were gross lesions,
liver (males) and lung.




Materials and Methods

TABLE 1

Experimental Design and Materials and Methods in the Feed Studies
of 4,4’-Diaminec-2,2’ -stilbenedisulfonic Acid, Disodium Salt (continued)

14-Day Studies

13-Week Studies

2-Year Studies

Clinical Pathology
None

Clinical pathology studies were
conducted at 13 weeks on all rats and
mice surviving to study termination.
Hematology: None

Clinical chemistry: glucose, total protein,
albumin, albumin/globulin ratio, alkaline
phosphatase, alanine aminotransferase,
aspartate aminotransferase, and lactate
dehydrogenase

Clinical pathology studies on rats and
mice of each sex from each dose group
were conducted at 15 months.
Hematology: hematocrit, hemoglobin,
erythrocyte count, mean cell volume,
mean cell hemoglobin, mean cell
hemoglobin concentration, leukocyte
count and differential

Clinical chemistry: blood urea nitrogen,
alkaline phosphatase, alanine
aminotransferase, aspartate
aminotransferase, and sorbitol
dehydrogenase
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RESULTS

RATS

14-Day Studies

All rats survived to the end of the studies. The
mean body weight gains of males and females in the
100,000 ppm dose group and of males in the
50,000 ppm dose group were significantly lower than
those of the controls (Table 2). The mean body
weight gains of other dosed groups were similar to
those of the controls. Feed consumption by the
50,000 and 100,000 ppm dose groups was lower than
that of the controls during the first week; during the
second week feed consumption by dosed and control

TABLE 2

males was similar and feed consumption by dosed
females was higher than that of the controls.

Diarthea was observed among rats that received
50,000 or 100,000 ppm 4,4'-diamino-2,2’-
stilbenedisulfonic acid, disodium salt. Decreases in
absolute or relative organ weights of males that
received 100,000 ppm were considered secondary to
the decrease in final mean body weight (Table F1).
Absolute and relative liver weights were increased in
females in the 100,000 ppm dose group. There were
no gross or microscopic lesions related to chemical
administration in dosed rats.

Survival, Mean Body Weights, and Feed Consumption of Rats in the 14-Day Feed Studies
of 4,4’ -Diamino-2,2’ -stilbenedisulfonic Acid, Discdium Salt

b Final Weight Feed
Concentration  Survival® Mean Body Weight  (g) Relative to Comtrols Consumgtionc
(ppmr) Initial Final Change (%) Week 1 Week 2
Male
0 5/5 134 + 4 211 = 5 773 22 18
6,250 55 137 x5 217 £ 6 81 2 103 22 18
12,569 55 136 £ 5 211 £ 7 75+3 100 21 18
25,0600 55 138 £ 4 216 = 4 79 x2 103 21 19
50,000 5/5 136 £ 3 199 £ 3 63 + 2°¢ 94 19 18
100,600 5/5 134 = 4 185 x 4°° 51 + 2°¢ 88 15 18
Female
0 55 112 £ 3 14993 37x0 18 15
6,250 5/5 113+ 4 149 = 5 36x2 160 19 18
12,560 5/5 111 + 4 147 £ 5 36 +2 99 19 18
25,000 5/5 114 + 3 1535 38+3 103 20 17
50,000 S/5 111 =3 145 = 2 34 +£2 97 16 16
169,080 5/5 1133 145 £ 3 31 £ 2° 97 16 17

® Significantly different (P<0.05) from the control group by Williams’ or Dunnett’s test

%2 P<0.01
a

b

¢ Grams of feed per animal per day

Number of animals surviving at 14 days/number initially in group
Weights and weight changes are given as mean * standard error.
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13-Week Studies

One female in the 100,000 ppm dose group died in
the fourth week of the study; there were no other
deaths. The final mean body weights and mean
body weight gains of male rats in the 50,000 and
100,000 ppm dose groups and females in the
100,000 ppm dose group were significantly lower
than those of the controls (Table 3). Feed con-
sumption by males that received 100,000 ppm was
35% lower than that of the controls during the first
week, and feed consumption remained lower than

TABLE 3

controls through week 8 (Table 4). Feed con-
sumption by females in the 100,000 ppm dose group
was 27% lower than that of the controls during the
first week. By week 4, feed consumption by females
that received 100,000 ppm exceeded that of the
controls. The lower final mean body weights of
dosed rats may have resulted from a combination
of decreased palatability and the replacement of a
significant portion of the diet by nonnutritive
chemical, with possible impairment of absorptive or
digestive processes.

Survival and Mean Body Weights of Rats in the 13-Week Feed Studies
of 4,4’ -Diamino-2,2’-stilbenedisulfonic Acid, Disodium Salt

Final Weight

Concentration Survival® Mean Body Weightb (8) Relative 1o Controls
(ppm) Initial Final Change (%)
Male
0 10/10 141 =5 3815 240 £ 3
6,250 10/10 141 £ 5 382+3 240 £ 5 100
12,500 10/10 138 + 4 370 + 4 232 +£3 97
25,000 10/10 137 £ 4 377 £ 5 241 £3 99
50,000 10/10 140 = 5 351 + 7** 211 £ 4** 92
100,000 10/10 137 £ 5§ 289 + 4** 152 + 5°* 76
Female .
0 10/10 111 £ 2 211 £ 3 101 £ 2
6,250 10/10 110 £ 3 208 + 4 97 £ 4 98
12,500 10/10 110 £ 3 211 £ 3 101 £ 2 100
25,000 10/10 110 £ 2 206 = 3 9% + 3 97
50,000 10/10 108 + 4 203 + 4 9% + 3 9%
100,000 9/10¢ 112 £ 3 197 + 6* 85 + 4¢# 94

* Significantly different (P<0.05) from the control group by Williams’ or Dunnett’s test

** P<0.01
a
b

Number of animals surviving at 13 weeks/number initially in group

end of the studies.
Week of death: 4

c

Weights and weight changes are given as mean + standard error. Subsequent calculations are based on animals surviving to the
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TABLE 4
Feed Comsumption by Rats im the 13-Week Feed Studies
of 4,4’ -Diamino-2,2'-stilbenedisulfonic Acid, Disedium Salt?

Week
of Study 0 ppm 6,250 ppm 12,500 ppm 25,000 ppm 50,080 ppm 100,060 ppm
Male
1 15.6 162 16.1 157 144 10.2
2 16.9 168 16.9 17.5 - 164 113
3 178 184 14.5 184 18.2 142
4 18.1 177 16.2 15.1 17.2 14.8
5 179 18.6 202 21.6 196 15.6
6 16.9 178 183 18.7 17.5 15.9
7 19.5 171 181 18.0 179 159
8 179 182 183 18.6 16.6 17.7
9 18.1 18.6 179 19.0 19.6 193
10 16.9 17.9 17.7 18.1 179 18.6
11 17.8 178 179 183 175 19.6
12 17.6 174 17.7 184 17.9 19.3
13 188 18.0 17.7 19.7 204 213
Mean * SD 177 £ 1.0 177 £ 0.7 175 £ 14 182 £ 1.6 178 + 1.6 164 = 33
Female
1 114 118 124 119 111 8.3
2 113 11.0 11.6 121 11.2 9.1
3 11.5 111 115 109 115 9.8
4 11.2 114 11.8 11.6 12.0 114
5 113 11.7 121 119 13.2 12.7
6 114 12.2 11.5 115 11.5 123
7 114 11.6 123 114 11.2 128
8 122 11.8 121 11.7 12.2 133
9 11.5 119 121 125 125 145
10 11.2 114 12.0 122 119 139
11 110 11.3 115 123 115 14.5
12 113 10.7 118 11.7 11.2 14.0
13 12.2 121 12.0 123 12.6 156
Mean = SD 115 £ 04 11.5 + 04 119 + 0.3 11.8 + 0.4 11.8 = 0.7 125 £ 22

* Feed consumption given in grams per animal per day
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Clinical findings in rats administered 100,000 ppm
included redness around the anus and emaciation in
males and females. Soft stools and diarrhea were
noted in the 50,000 and 100,000 ppm dose groups.

Statistically significant changes in absolute or rela-
tive organ weights reflected the decreased final mean
body weights and were not considered to be directly
related to chemical administration (Table F2).

Statistically significant decreases in serum albumin
and total protein levels occurred in most males and
females receiving 100,000 ppm and may have been
caused by the diarrhea, decreased feed consumption,
or both. Other changes in clinical pathology values
were not  considered biologically significant
(Table G1).

TABLE 5

Chronic suppurative inflammation of the terminal
portion of the rectum and anus occurred in most
male and female rats that received 100,000 ppm
4,4’ -diamino-2,2’ -stilbenedisulfonic acid, disodium
salt (Table 5). The lesions were characterized by
infiltrates of neutrophils and macrophages in the
mucosa and submucosa. In some of these animals,
the regional lymph node was enlarged with dilated
sinuses containing inflammatory cells. The
rectal/anal inflammation may be related to the
irritative effects of diarrhea, pruritus resulting from
the diarrhea, or direct irritation of mucous mem-
branes by unabsorbed chemical. The hypercellularity
of the bone marrow represents an increase in the
production of granulocytes and is a typical response
to inflammation.

Incidences of Selected Treatment-Related Lesions in Rats in the 13-Week Feed Studies
of 4,4’ -Diamino-2,2’ -stilbenedisulfonic Acid, Disodium Salt

0 ppm 6,250 ppm 12,500 ppm 25,000 ppm 50,000 ppm 100,000 ppm

Male
Rectum/anus

Inflammation (chronic, suppurative)? 0/10 09 0/10 0/9 08 9/10%*
Bone marrow, sternum

Hypercellularity 0710 g - - - 6/10°*
Female
Rectum/anus

Inflammation (chronic, suppurative) 0/10 0/10 0/10 0/10 010 6/9**
Bone marrow, sternum

Hypercellularity 0/10 - - - - 9/9**

*+ Significantly different (P<0.01) from the control group by the Fisher exact test
2 Incidences given as number of animals with lesion/number of animals with tissues examined

Not examined
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Dose Selection Rationale: Dose . levels of
4,4’ -diamino-2,2’ -stilbenedisulfonic acid, disodium
salt, selected for rats in the 2-year studies were
12,500 and 25,000 ppm. In the 13-week study, the
mean body weight gain relative to the controls was
37% lower in males receiving 100,000 ppm and 12%
lower in males receiving 50,000 ppm. The decreased

mean body weight gains, combined with the possible -

physiological and nutritional effects of the soft stool
or diarrhea, precluded selecting higher doses. In
female rats, mean body weight gain relative to the
controls was 16% lower in the 100,000 ppmdose

group and 5% lower in the 50,000 ppm dose group’

in the 13-week study. Lower body weight gains
relative to the controls and the variable occurrence
of diarrhea precluded the use of 50,000 ppm as a
high dose in the 2-year study in females.

2-Year Studies

15-Month Interim Evaluation '
There were no biologically significant changes in
relative or absolute organ weights, clinical pathology
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parameters, or histopathology observations. that were
related to administration of ~ 4,4'-diamino-
2,2' -stilbenedisulfonic acid, disodium salt, at
15 months (Tables F3 and G2).

Body Weights,

Feed Consumption,

and Clinical Findings

Mean body weights of dosed groups were not
markedly different from those of the controls
throughout the studies (Tables 6 and 7 and
Figure 1). However, the mean body weight of high-
dose male rats was marginally lower than that of the
controls (3%-7%) from week 4 to week 90. A
similar marginal depression of mean body weight
relative to controls was seen in high-dose females
from week 26 to week 102. Feed consumption by
males and females was generally within 5% of
controls (Tables I1 and I2). No clinical findings
were attributed to the administration of
4,4' -diamino-2,2’ -stilbenedisulfonic acid, disodium
salt.
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TABLE 6 :
Mean Body Weights and Survival of Male Rats in the 2-Year Feed Study
of 4,4’ -Diamino-2,2’ -stilbenedisulfonic Acid, Disodium Salt

Weeks 0 ppm 12,500 ppm 25,000 ppm :
on Av. Wt. Number of Av. Wt Wt. (% of Number of Av. Wt Wt (% of Number of
Study ®) Survivors ® controls) Survivors ® controls) Survivors
1 143 60 141 99 60 141 9 60
2 175 60 175 100 60 175 100 60
3 209 60 207 99 60 205 98 60
4 239 60 238 100 60 231 97 60
5 260 60 257 99 60 251 96 60
6 280 60 275 98 60 274 98 60
7 290 60 283 98 60 279 9% 60
8 307 60 302 98 60 299 97 60
9 319 60 317 99 60 313 98 60
10 330 60 326 99 60 321 98 60
11 345 59 336 98 60 330 96 60
12 355 59 352 9 60 337 95 60
13 358 59 351 98 60 345 96 60
14 366 59 360 98 60 349 95 60
18 382 59 371 99 60 364 95 60
22 381 59 379 100 59 356 93 60
26 409 59 407 99 59 393 96 60
30 426 59 423 99 59 403 95 60
34 434 59 428 9 - 59 412 95 60
38 440 59 439 100 59 424 97 60
42 450 59 450 100 59 432 96 60
46 T 460 59 459 100 59 441 96 60
50 463 59 460 9 58 447 97 60
54 472 59 47 1060 58 458 97 60
58 486 58 475 98 58 459 95 60
62 478 58 475 99 58 459 9% 60
662 479 46 473 99 48 461 96 50
70 486 46 471 97 48 454 93 50
74 485 46 468 96 47 456 94 48
78 473 45 466 98 45 455 96 46
82 473 43 464 98 45 454 96 41
86 478 40 464 97 41 448 94 39
90 469 36 468 100 36 454 97 37
92 455 34 461 101 36 447 98 36
94 458 31 457 100 35 455 99 34
96 455 30 457 101 30 456 100 32
98 446 30 446 100 29 450 101 30
100 439 27 440 100 26 449 102 29
102 429 24 441 103 24 437 102 26
104 434 22 435 100 23 437 101 24
Terminal sacrifice 22 20 24
Mean for weeks
1-13 278 274 9 269 97
14-52 421 418 99 402 95
. 53-104 464 461 9 452 97

2 Interim evaluation occurred during this week.
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TABLE 7
Mean Bedy Weights and Survival of Female Rats in the 2-Year Feed Study
of 4,4’ -Diamine-2,2’ -stilbenedisulfonic Acid, Disodium Salt
Weeks 0 ppm 12,500 ppm 25,000 ppm
om Av, Wt. Number of Av, Wt, Wt (% of Number of Av, Wt Wt. (% of Number of
Study (8)  Survivors ® controls) Survivors @ controls) Survivors
1 111 60 111 99 - 60 111 100 (1]
2 128 60 129 160 60 129 101 €0
3 143 60 143 100 60 144 101 60
4 157 60 158 101 60 155 99 (1]
5 165 60 164 160 60 163 99 60
6 175 60 17 98 60 168 96 60
7 179 60 177 99 60 173 97 60
8 187 60 185 99 60 180 96 (1]
9 188 60 190 101 60 186 99 60
10 194 60 194 100 60 191 99 60
11 200 60 199 9 60 194 97 60
12 204 60 203 100 60 200 98 690
13 205 60 204 100 60 202 99 60
14 209 60 207 99 60 203 98 60
18 210 59 213 102 59 208 99 60
22 219 59 217 100 59 215 98 60
26 227 59 226 99 59 221 97 (1]
30 235 59 232 99 59 226 96 60
34 239 59 234 98 59 230 96 60
38 247 59 245 99 59 239 97 60
42 256 59 248 97 59 243 95 60
46 261 59 257 98 59 251 96 60
50 269 59 262 97 59 259 96 60
54 286 59 276 97 59 272 95 59
58 297 59 286 96 59 280 94 59
62 306 59 294 96 59 291 95 59
66* 311 49 304 98 49 297 95 49
70 323 49 312 97 49 304 94 49
74 333 49 322 97 49 314 94 49
78 336 48 331 9 49 326 97 49
82 342 47 334 98 47 326 96 49
86 344 45 336 98 44 328 95 49
90 348 44 339 98 43 334 96 49
92 345 43 340 9 42 331 96 47
94 346 42 343 99 40 334 97 47
96 347 39 344 99 39 336 97 46
98 341 39 341 100 38 331 97 44
160 349 34 337 96 38 334 96 41
102 346 33 339 98 35 328 95 38
104 340 31 340 160 34 337 99 34
Terminal sacrifice 30 33 33
Mean for weeks
1-13 172 171 99 169 98
14-52 237 234 99 230 97
325 98 318 96

53-104 332

a

Interim evaluation occurred during this week.
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Survival

The survival of dosed groups was similar to that of
the controls, and the survival of all groups was 950%
or greater through week 78 of the study (Table 8
and Figure 2).

Pathology and Statistical Analyses
of Results

This section describes the statistically significant or
biologically noteworthy changes in the incidences of

TABLE 8

neoplastic or nonneoplastic lesions of the adrenal
gland, mammary gland, stomach, and kidney in rats.

Summaries of the incidences of neoplasms and
nonneoplastic lesions, individual animal tumor
diagnoses, statistical analyses of primary tumors that
occurred with an incidence of at least 5% in at least
one animal group, and historical incidences for the
neoplasms mentioned in this section are presented
in Appendixes A for male rats and B for female
rats.

Survival of Rats in the 2-Year Feed Studies of 4,4’ -Diamine-2,2’ -stilbenedisulfonic Acid, Disecdium Salt

0 ppm 12,500 ppm 25,000 ppm
Male
Animals initially in study 60 60 60
15-month interim evaluation® 10 10 10
Natural deaths 7 6 6
Moribund kills 21 24 20
Animals surviving to study termination 22 20 24P
Percent survival at end of study® 45 40 : 48
Mean survival (days)? 621 626 636
Survival analyses® P=0.729N P=0.945 P=0.785N
Female
Animals initially in study 60 60 60
15-month interim evaluation® 10 10 10
Natural deaths 5 3 1
Moribund kills 15 14 16
Animals surviving to study termination 30 33b 33
Percent survival at end of study® 60 66 : 66
Mean survival (days)d 649 651 667
Survival analyses® P=0.440N P=0.701N P=0.480N

Censored from survival analyses
Includes one animal that died during the last week of study

o a6 ow

Mean of all deaths (uncensored, censored, terminal sacrifice)

Kaplan-Meier determinations. Survival rates adjusted for interim evaluations

The result of the life table trend test (Tarone, 1975) is in the control column, and the results of the life table pairwise
comparisons (Cox, 1972) with the controls are in the dosed columns. A negative trend or lower mortality in a dose group is

indicated by N.
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Adrenal Gland: There was a marginal, statistically
significant positive trend for malignant pheochromo-
cytoma of the adrenal medulla in dosed males
(Table 9). However, a positive trend was not seen
for benign pheochromocytomas or for benign or
malignant pheochromocytomas combined. Also,
there was no corresponding dose-related increased
incidence of adrenal medullary hyperplasia (17/48,
21/50, 13/50). Hyperplasia, benign pheochromo-
cytoma, and malignant pheochromocytoma constitute
a morphological and biological continuum, and there
are no morphological criteria which clearly dis-
tinguish between these categories. Typically, cyto-
logical atypia, cellular pleomorphism, and hetero-
geneity of growth pattern increase as the size of the
lesions increase. As an arbitrary standard, medullary
neoplasms which extend through the adrenal capsule
are diagnosed as malignant. In general, few malig-
nant pheochromocytomas metastasize to distant
organs in 2-year studies. In this study, one malig-
nant pheochromocytoma in the high-dose males
metastasized.

The marginally increased incidence of malignant
pheochromocytomas in high-dose male rats was not
considered to be related to the administration of
4,4’ -diamino-2,2’ -stilbenedisulfonic acid, disodium
salt, because a) there was no concomitant increase
in the incidence of adrenal medullary hyperplasia,
benign pheochromocytomas, or benign or malignant
pheochromocytomas combined; b) the incidences of
malignant pheochromocytomas in low- and high-
dose males are within the NTP historical control
group range of 0% to 20% (Table A4); and c) there
is no clear biological distinction between adrenal
medullary neoplasms diagnosed as benign and those
diagnosed as malignant with which to justify a
conclusion based on malignant neoplasms alone.

Mammary Gland: The incidences of fibroadenomas
in the low- and high-dose female rats were signif-
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icantly increased relative to controls (11/50, 21/50,
21/50; Table B3). However, the incidence of
fibroadenomas in the concurrent controls is well
below the mean for NTP historical controls (39.3%),
and the incidences in the dosed groups are only
slightly above that of the overall historical controls
and are well within the range of 8% to 58%
(Table B4). Thus, the increased incidences of
fibroadenomas were not considered to be chemical
related.

Stomach: Ulcers of the forestomach or glandular
stomach occurred in nine dosed male and five dosed
female rats; a single control male had an ulcer of
the glandular stomach (Table 10). Although the
incidences in dosed groups are low and are not
statistically significant compared with control groups,
the spontaneous occurrence of erosions or ulcers of
the stomach in control animals is uncommon. In
addition, these ulcers were relatively large (1-5 mm
in diameter) and were noted at gross observation.
Thus, ulcers of the forestomach and glandular
stomach may have been related to the admini-
stration of 4,4'-diamino-2,2’-stilbenedisulfonic acid,
disodium salt.

Kidney: Many dosed female rats and a few control
females had intracellular crystals of undetermined
origin in the pelvic epithelium which were diagnosed
as mineralization (8/50, 30/50, 37/50). This lesion
consisted of a minuscule amount of crystalline
material within the cytoplasm of one or a few pelvic
epithelial cells. The increased incidence is stati-
stically significant and dose related, and thus was
considered associated with chemical administration.
However, this lesion was considered to be of little
or no biological significance because a) quanti-
tatively, the crystalline material was extremely
minimal and.b) an associated cellular degeneration
Or NeCrosis was not apparent.
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TABLE 9 :
Adrenal Medulla Pheochromocytomas in Male Rats in the 2-Year Feed Study
of 4,4’ -Diamino-2,2’ -stilbenedisulfonic Acid, Disodium Salt

0 ppm 12,500 ppm 25,000 ppm

Hyperplasia

Overall rates® 17/48 (35%) 21/50 (42%) 13/50 (26%)
Benign Pheochromocytoma

Overall rates 16/48 (33%) 18/50 (36%) 19/50 (38%)

Adjusted rates® 50.5% 56.0% 59.6%

Terminal rates® 7121 (33%) 7120 (35%) 1224 (50%)

First incidence (days) 540 583 520

Logistic regression testsd P=0.396 P=0.491 P=0.438
Malignant Pheochromocytoma .

Overall rates 2/48 (4%) 4/50 (8%) 8/50 (16%)

Adjusted rates 8.9% 16.1% 27.6%

Terminal rates 1221 (5%) 2/20 (10%) 424 (17%)

First incidence (days) 713 663 658

Logistic regression tests P=0.037 P=0.358 P=0.059
Pheochromocytoma (Benign, Complex, or Malignant)® )

Overall rates 17/48 (35%) 21/50 (42%) 26/50 (52%)

Adjusted rates 52.7% 63.9% 73.6%

Terminal rates 7121 (33%) 9/20 (45%) 15/24 (63%)

First incidence (days) 540 583 520

Logistic regression tests P=0.067 P=0.334 P=0.084

Number of lesion-bearing animals/number of animals examined at site :

Kaplan-Meier estimated tumor incidence at the end of the study after adjustment for intercurrent mortality

Observed incidence at terminal kill

Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the

P values corresponding to pairwise comparisons between the controls and that dosed group. The logistic regression tests regard
tumors in animals dying prior to terminal kill as nonfatal.

Historical incidence from 2-year NTP feed studies of untreated control groups (mean * standard deviation): 306/788

(38.8% + 8.4%), range 22%-48%

a6 o w
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TABLE 10
Stomach Ulcers in Rats in the 2-Year Feed Studies
of 4,4’ -Diamine-2,2’ -stilbenedisulfonic Acid, Disodium Salt
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0 ppm 12,500 ppm 25,080 ppm

Male
Forestomach: Ulcer

Overall rates® 0/50 (0%) 4/50 (8%) 1/50 (2%)
Glandular Stomach: Ulcer

Overall rates 1/50 (2%) 1/50 (2%) 4/50 (8%)
Forestomach or Glandular Stomach: Ulcer

Overall rates 1/50 (2%) 5/50 (10%) 4/50 (8%)
Female
Forestomach: Ulcer

Overall rates 0/50 (0%)° 1/50 (2%) 4/50 (8%)
Glandular Stomach: Ulcer

Overall rates : 0/50 (0%) 0/50 (0%) 2/50 (4%)
Forestomach or Glandular Stomach: Ulcer

Overall rates 0/50 (0%)* 1/50 (2%) 4/50 (8%)

* Trend was significant (P<0.05) by logistic regression; no pairwise differences were significant.

Number of lesion-bearing animals/number of animals necropsied
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MICE

14-Day Studies

All mice survived to the end of the studies. The
mean body weight gains of males and females that
received 100,000 ppm were significantly lower than
those of the controls (Table 11). The values for
feed consumption by males and females in the
100,000 ppm dose groups were higher than those of
the controls throughout the studies. These values,
however, represent both feed consumed and feed
spilled. The apparent increase in these values is

TABLE 11.

likely due to reduced palatability and excess feed
loss.

Clinical findings in females that received 50,000 or
100,000 ppm and in males that received
100,000 ppm included soft stools. Diarrhea and
swelling or hyperemia of the perineum were
observed less frequently in mice that received
100,000 ppm. Decreases in absolute and relative
organ weights were considered secondary to the
decreased mean body weights (Table F4).

Survival, Mean Body Weights, and ‘Feed Consumption of Mice in the 14-Day Feed Studies
of 4,4’-Diamino-2,2'-stilbenedisulfonic Acid, Disodium Salt

b Final Weight Feed
Concentration  Survival® Mean Body Weight (g) Relative to Controls Consumglionc
(ppm) Initial Final Change %) Week 1 Week 2
Male
0 5/5 21.0 = 0.6 242 + 0.7 32 +09 30 26
6,250 5/5 212 + 06 242 £ 07 30 05 100 26 24
12,500 5/5 206 = 0.6 244 £ 05 38 + 04 101 29 28
25,000 5/5 21.0 = 03 234 £ 02 24 02 97 26 23
50,000 5/5 20.8 = 0.7 238 + 0.7 3003 98 3.0 2.7
100,000 5/5 208 = 0.6 222 + 09* 14 + 04* 92 4.7 34
Female
0 5/5 184 + 0.7 210 + 06 26 + 05 23 2.7
6,250 5/5 180 £ 0.3 20.2 = 0.6 22 + 04 96 31 32
12,500 5/5 182 + 0.7 20.0 = 08 18 + 04 95 38 23
25,000 5/5 184 = 0.7 208 = 0.6 24 + 09 9 30 .26
50,000 5/5 184 + 0.8 200 x 0.7 16 £ 0.2 95 28 32
100,000 55 184 + 0.7 194 £ 0.6 1.0 + 0.3* 92 35 35
* Significantly different (P<0.05) from the control group by Williams’ or Dunnett’s test
: Number of animals surviving at 14 days/number initially in group
c Weights and weight changes are given as mean *+ standard error.

Grams of feed per animal per day
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13-Week Studies

Six males in the 100,600 ppm dose group died; three
of these deaths occurred during week 4 and the
remainder occurred during weeks 6, 8, and 11
(Table 12). One female receiving 160,600 ppm died
during week 10. This mortality suggests cumulative
effects, as there were no deaths in the 14-day
studies. For the 13-week period, there was an
actual mean body weight loss in males and females
in the 100,000 ppm dose groups. Mean body weight
gains of males and females that received 50,600 ppm
were 31% less than those of the respective controls,
and in the 25,000 ppm dose groups, the weight gains
were 18% lower in males and 8% lower in females
than those in the respective control groups. Values
for feed consumption (plus spillage) by the
100,000 ppm dose groups exceeded the control
values by 250% for males and 150% for females at
13 weeks (Table 13). Increases in feed consumption

TABLE 12

and spillage relative to the controls were less
marked in the lower dose groups. These increases
were attributed to reduced palatability and excess
feed loss rather than to increased feed consump-
tion.

Significant clinical findings in the 100,000 ppm dose
group included body tremors (probably caused by
weakness, rather than neurological impairments),
lethargy, emaciation, and diarrhea. Statistically
significant changes in absolute or relative organ
weights were considered to reflect the decreased
final mean body weights (Table F5). Statistically
significant decreases in serum albumin and total
protein levels in the 100,000 ppm groups (Table G3)
were likely due to diarrhea, reduced feed intake,
emaciation, or a combination of these factors.
Other changes in clinical pathology values were not
considered biologically significant.

Survival and Mean Bedy Weights of Mice in the 13-Week Feed Studies
of 4,4’ -Diamine-2,2’ -stilbenedisulfonic Acid, Disedium Salt

b Fimal Weight
Concentration Survival® Mean Body Weight’ (g) Relative to Controls
(ppm) Initial Final Change (%)
Male
0 10/10 208 = 0.5 30.1 = 0.6 93 + 03
6,250 10/10 209 = 05 29.0 = 08 81 + 04 96
12,500 10/10 205 + 04 29.0 = 0.7 8.5 + 0.7 96
25,000 10/10 205 = 0.5 281 £ 08 7.6 = 0.5° 93
50,600 10/10 203 = 0.6 26.7 £ 0.7°° 6.4 = 0.5%° 89
109,080 4/10° 205 £ 0.5 200 = 0.8°* 05 x 0.3°° 65
Female
0 1010 180 + 03 240 + 04 6.0 + 03
6,250 10/10 180 = 0.5 233 + 0.6 53+02 97
12,500 10/10 174 + 04 233 £ 04 59 x 04 97
25,0600 10/10 179 £ 03 234 £ 0.6 55+ 04 97
50,000 10/10 173 + 04 21.4 + 0.4°° 4.1 £ 0.2°° 89
100,600 9/10d 17.7 £ 0.2 16.6 £ 0.6°° -12 + 0.5°° 69

@ Significantly different (P<0.05) from the control group by Williams’ or Dunnett’s test

%2 P<0.01
a
b

end of the studies.
Week of death: 4, 4, 4, 6, 8, 11
Week of death: 10

c
d

Number of animals surviving at 13 weeks/number initially in group
Weights and weight changes are given as mean + standard error. Subsequent calculations are based on animals surviving to the
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Feed Consumption by Mice in the 13-Week Feed Studies
of 4,4’ -Diamino-2,2’ -stilbenedisulfonic Acid, Disodium Salt*

Week
of Study 0 ppm 6,250 ppm 12,500 ppm 25,000 ppm 50,000 ppm 100,000 ppm
Male
1 32 3.0 32 30 29 32
p 33 3.6 36 42 4.0 55
3 34 33 33 39 39 51
4 32 32 34 38 27 36
5 39 37 41 46 49 45
6 36 3.6 38 42 43 58
7 39 38 43 438 42 72
8 36 37 42 4.6 42 79
9 4.0 37 42 4.1 43 6.9
10 3.7 3.9 42 45 4.6 8.5
1 4.1 38 43 48 4.7 10.1
12 39 37 4.0 4.6 4.0 93
13 42 4.1 43 51 5.0 10.6
Mean + SD 37+03 36 £ 03 39 + 04 43 05 41 = 0.7 68 + 24
Female
1 31 25 29 28 32 28
2 ‘32 3.0 31 34 4.7 -
3 31 29 31 31 43 4.6
4 28 2.6 2.6 29 34 31
5 34 31 32 3.6 45 4.5
6 31 30 29 33 44 39
7 33 33 33 37 37 44
8 33 33 31 36 4.2 4.2
9 33 29 3.2 33 39 4.0
10 32 32 33 39 54 48
11 37 36 34 3.6 39 5.0
12 34 33 32 35 39 43
13 3.6 31 36 4.0 4.7 54
Mean + SD 33 +02 3103 31 +£03 34 £ 04 42 £ 06 43 + 0.7

b No data available

Chronic inflammation with occasional ulceration was
observed in the rectal or anal mucosa of mice
receiving 25,000 ppm or more 4,4'-diamino-2,2’-
stilbenedisulfonic acid, disodium salt (Table 14). As
with the rats, this may be related to the irritative
effects of diarrhea, direct .irritation of mucous
membranes by unabsorbed chemical, or scratching
due to pruritus. '

3 Feed consumption given in grams per animal per day, based on average consumption data per week

Atrophy of the ovaries and uterus occurred in the
100,000 ppm dose group, and some females that
received 6,250 to 50,000 ppm showed cystic endo-
metrial hyperplasia (Table 14). Uterine and ovarian
atrophy were considered to be related to body
weight loss and inanition. The cystic endometrial
hyperplasia was mild in all cases, and while the
etiology is undetermined, the hyperplasia was
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TABLE 14
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Incidences of Selected Treatment-Related Lesions in Mice im the 13-Week Feed Studies
of 4,4’ -Diaminc-2,2’ -stilbenedisulfonic Acid, Discdium Salt

0 ppm 6,250 ppm 12,500 ppm 25,000 ppm 50,000 ppm 100,080 ppm

Male
Rectum

Inflammation, ulcerative® 0/10 09 0/10 210 010 4/9°
Anus

Inflammation, ulcerative 0/8 18 0/10 2/6 4/6° 9/9sse
Thymus

Atrophy 0/10 b - - - 582
Female
Rectum

Inflammation, ulcerative 0/10 0/10 09 2/10 0/10 3/10
Anus

Inflammation, ulcerative 0P 09 0110 3/10 510¢ 9/yee
Ovary

Atrophy 0/10 0710 1/10 0/10 18 10/10°®
Uterus

Cystic endometrial hyperplasia 0/10 1/10 1/10 510° 210 0/10

Endometrial atrophy 0/10 0/10 0/10 0/10 0/10 10/10°°

* Significantly different (P<0.05) from the control group by the Fisher exact test

2% P<0.01

2 Incidences given as number animals with lesion/number of animals with tissues examined

Not examined

possibly the result of estrogenic effects of
4,4’ -diamino-2,2’ -stilbenedisulfonic acid, disodium
salt. A positive dose-related response may have
been obscured by the decreased final mean body
weights in the 50,000 and 100,000 ppm dose groups.

Dose Selection Rationale: The observation of deaths,
decreased mean body weight gain relative to that of
the controls, and ulcerative anal and rectal mucosal
inflammatory lesions precluded the selection of
doses of 25,000 ppm or above. Therefore, doses of
0, 6,250, and 12,500 ppm were selected for the
2-year studies in mice.

2-Year Studies

15-Month Interim Evaluation
There were no biologically significant changes in
absolute or relative organ weights, clinical pathology

parameters, or histology observations -that were
related to the administration of 4,4'-diamino-
2,2’ stilbenedisulfonic acid, disodium salt, at
15 months (Tables F6 and G4).

Body Weights, Feed Consumption,

and Clinical Findings

Mean body weights of all dosed groups were gener-
ally similar to those of the controls throughout the
study (Tables 15 and 16 and Figure 3). However,
the mean body weight of female mice receiving
12,5C0 ppm was consistently 4% to 5% lower than
that of the controls after week 22. Feed con-
sumption was similar between control and dosed
groups (Tables I3 and 14). No clinical findings were
attributed to the administration of 4,4'-diamino-
2,2’ -stilbenedisulfonic acid, disodium salt.
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TABLE 15
Mean Body Weights and Survival of Male Mice in the 2-Year Feed Study
of 4,4’ -Diamino-2,2’ -stilbenedisulfonic Acid, Disodium Salt

Weeks 0 ppm 6,250 ppm 12,500 ppm :

on ~ Av.'Wt. Number of . Av. Wt. Wt (% of Number of Av.Wt. = Wt (% of Number o
Study (g) Survivors () controls) ‘Survivors ®  controls) Survivors
1 213 60 209 . 98 60 212 100 60
2. 2217 60 22.7 ~ 100 60 228 100 60
3 24.1 60 243 101 60 242 100 60
4 25.4 60 -.252 9 - 60 248 98 58
5 26.5 60 '26.3 99 . 60 26.4 100 58
6 274 - 60 271 .99 60 270 99 58
7 280 .. 60 . 280 100 60 27.0 96 58
8- 29.1 59 29.0 . 100 60 28.6 98 58
9 295 . 58 29.3 9 60 294 100 58
10 30.0 - 58 294 98 60 29.3 98 58
11 30.1 57 T 30.2 100 60 298 99 57
12 30.9 - 57 305 99 - 60 303 98 57
13 310 57 308 9 60 308 99 57
14 31.5 57 308 98 60 314 - 100 57
18 320 57 323 101 60 325 102 57
22 330 56 323 98 60 31.9 97 55 .
26 333 56 . 330 .99 60 325 98 55
30 337 56 334 9 59 333 99 55
34 346 56 '34.7 . 100 58 . 342 99 55
38 35.7 . 56 © 349 98 .. 58 347 97 . 55
42 357 . 56 351 98 87 352 99 55
46 359 . 56 355 9 57 . 352 98 55
50 | 374 54 36.3 9 57 36.1 97 55
54 40.1 54 3838 97 57 380 .95 55
58 37.2 54 379 102 57 37.7 ~ 101 : 55
62 403 . 54 . 403 100 57 383 .95 55
66* ° 403 4 "398 9 46 395 98 44
70 41.8 44 L 415 9 46 41.6 100 44
74 428 44 421 98 46 418 8 44
78 42.6 44 423 99 ' 46 424 . 100 .. 4
82 422 44 417 99 46 414 . 98 ’ 4 ..
86 41.7 43 . 409 ©98 46 40.7 98 43
90 41.0 43 403 98 44 395 9 43
92 40.7 . 43 398 98 43 394 97 43
94 . 39.5 T 43 . 397 101 . 43 387 ’ 98 42
96 39.9 43 395 .99 43 388 97 ' 42
98 39.8 43 393 99 43 387 97 42
100 39.8 ~ 43 .. 393 99 43 386 97 42
102 384 43 378 . 98 42 313 97 42
104 383 43 378 29 40 .371 97 42
Terminal sacrifice 43 . 40 42
Mean for weeks
113 274 272 99 27.0 99
14-52 343 ‘338 99 337 98
99 394 98

53-104 404 1399

* Interim evaluation occurred during this week.
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TABLE 16
Mean Body Weights and Survival of Female Mice inm the 2-YVear Feed Study
of 4,4’ -Diamino-2,2’ -stilbenedisulfonic Acid, Discdium Salt

Weeks 0 ppm 6,250 ppm 12,500 ppm

on Av. Wt. Number of  Av. Wt. Wt (% of Number of Av. Wt Wt (% of Number of
Study (®  Survivors ® controls) Survivors ® controls) Survivors

1 16.7 60 171 102 60 173 104 60
2 17.8 60 17.9 101 60 17.6 99 60
3 19.0 60 18.7 98 60 189 100 60
4 193 60 193 100 60 194 101 60
5 203 60 203 160 60 20.2 -~ 100 60
6 21.0 60 20.5 98 60 . 20.6 98 60
7 21.6 60 21.0 97 60 213 99 60
8 223 60 220 99 60 22 100 60
9 228 60 229 " 100 60 227 100 60
10 228 60 229 160 60 230 101 60
11 231 60 233 101 60 23.1 100 60
12 237 60 237 160 60 234 99 60
13 239 60 239 160 60 233 98 60
14 243 60 24.1 99 60 243 100 60
18 256 60 263 103 69 251 98 60
22 26.7 60 26.7 160 60 254 95 60
26 272 60 273 100 59 259 95 60
30 275 60 276 100 59 263 %6 €60
34 293 60 299 102 59 281 96 60
38 309 60 314 102 59 29.0 94 69
42 315 60 320 102 59 30.1 96 60
46 298 60 31.7 106 59 304 102 60
50 321 60 326 102 59 31.2 97 60
54 345 60 349 101 59 326 95 60
58 339 60 342 101 59 328 97 59
62 354 59 34.7 98 59 327 92 59
66 354 49 349 %9 48 332 94 49
70 3713 49 377 101 48 344 92 49
74 378 49 37.6 100 48 35.7 94 49
78 317 49 38.0 101 48 355 94 48
82 373 49 388 104 47 35.0 97 48
86 375 48 383 102 47 359 96 48
90 379 46 38.0 160 46 357 94 47
92 380 46 38.1 100 46 36.1 95 47
94 378 46 38.0 101 45 354 94 45
9% 379 46 381 101 4 35.7 94 4
98 375 46 378 101 43 357 95 41
160 371 46 380 102 43 36.0 97 40
102 37.0 45 36.8 100 43 348 94 40
104 375 43 373 160 43 35.6 95 38
Terminal sacrifice 43 43 38

Mean for weels

113 211 210 160 21.0 ) 160
14-52 285 29.0 102 . 276 97
53-104 359 371 101 349 95

? Interim evaluation occurred during this week.
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Results

Survival
Survival was similar between control and dosed
groups of male and female mice (Table 17 and
Figure 4).

Pathology and Statistical Analyses of Results
This section describes the biologically noteworthy
changes in the incidences of neoplastic or nonneo-
plastic lesions of the lung in mice.

TasLE 17

45

Summaries of the incidences of neoplasms and
nonneoplastic lesions, individual animal tumor
diagnoses, and statistical analyses of primary tumors
that occurred with an incidence of at least 5% in at
least one animal group are presented in
Appendixes C for male mice and D for female mice.

Hypertrophy of the wall of the small arteries and
arterioles of the lung was present in female mice in
the 2-year study. The highest incidence of this

Survival of Mice in the 2-Year Feed Studies of 4,4’ -Diamino-2,2’-stilbenedisulfonic Acid, Disodium Salt

0 ppm 6,250 ppm 12,500 ppm

Male

Animals initially in study 60 60 60
15-month interim evaluation® 10 10 10
Natural deaths 4 6 2
Moribund kills 3 3 6
Missing? 0 1 0
Animals surviving to study termination 43 40 42
Percent survival at end of studyb . 88 83 86
Mean survival (days)® 624 647 620
Survival analysm‘l P=0.888 P=0.842 P=0.992
Female

Animals initially in study 60 60 60
15-month interim evaluation® 10 10 10
Natural deaths 5 5 6
Moribund kills 2 2 5
Missing® 0 0 1
Animals surviving to study termination 43 43 38
Percent survival at end of study 86 87 78
Mean survival (days)® 671 661 664
Survival analysesd P=0.348 P=0.827 P=0.417

Censored from survival analyses

a0 o

Mean of all deaths (uncensored, censored, terminal sacrifice)

Kaplan-Meier determinations. Survival rates adjusted for missing animals and interim evaluations.

The result of the life table trend test (Tarone, 1975) is in the control column, and the results of the life table pairwise
comparisons (Cox, 1972) with the controls are in the dosed columns.
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lesion occurred in females that received 12,560 ppm,
but hypertrophy also occurred in control females
(0 ppm, 10/50; 6,250 ppm, 8/49; 12,500 ppm, 21/49;
Table D4).

Affected vessels were distributed randomly and had
minimal to mild circumferential thickening of mural
smooth muscle; it was not determined if this thick-
ening was due to myocyte hypertrophy, hyperplasia,
or both. While there are no historical data for this
lesion, it appears to occur spontaneously. The
response was not dose related and the incidence in
the control group was relatively high; thus the
biological significance of the marginal increase in
the 12,500 ppm dose group was not determined.

Incidences of alveolar/bronchiolar adenomas were
decreased in dosed mice (males: 12/50, 3/48, 7/50;
females: 12/50, 3/49, 5/49; Tables C3 and D3).
These decreased incidences are not dose-related and
the incidences in the control groups are at the high
end of the historical control range of 4% to 24%
for males and 0% to 24% for females. Therefore,
the decreased incidences were not considered related
to administration of 4,4'-diamino-2,2’-stilbene-
disulfonic acid, disodium salt.
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GENETIC TOXICOLOGY

4,4’ -Diamino-2,2’ -stilbenedisulfonic acid was not
mutagenic in Salmonella typhimurium strains TA100,
TA1535, TA1537, or TA98 when tested in a pre-
incubation protocol at concentrations of 100 to
5,000 pg/plate in the presence and the absence of
Aroclor 1254-induced male Sprague-Dawley rat or
Syrian hamster liver S9 (Table El; Zeiger er al,
1987). 4,4'-Diamino-2,2’-stilbenedisulfonic acid was
tested for induction of sister chromatid exchanges
(Table E2) and chromosomal aberrations (Table E3)
in Chinese hamster ovary cells in two laboratories;
results in both laboratories were negative for each
endpoint. In the first laboratory, 4,4'-diamino-
2,2'-stilbenedisulfonic acid was tested for induction
of sister chromatid exchanges and chromosomal
aberrations using standard harvest times, with and
without Aroclor 1254-induced male Sprague-Dawley
rat liver S9, at concentrations up to 1,020 pg/mL
(Loveday et al, 1990). In the second laboratory,
higher doses, up to 5,000 pg/mL 4,4'-diamino-2,2’-
stilbenedisulfonic acid were tested with and without
S9; a delayed harvest protocol was used to obtain
sufficient cells for analysis at the highest dose in the
sister chrom